The active form of Vitamin A (VA), retinoic acid (RA), in an established morphogen during embryogenesis. 1 The fact that RA tissue concentrations are dynamically regulated in the periphery including in the tumor microenvironment is novel. To date, no studies have focused on the role of intrinsic RA signaling in the regulation of antitumor CD8 + T-cell responses. We have recently shown a striking 5-fold increase in the regional concentration of RA at B16.OVA melanoma sites as compared with the naïve surrounding skin, concomitant with induction of regional RA signaling, as visualized in tumor-bearing RARE-Luc mice. 2 The source of elevated all-trans RA (ATRA) was identified in the hematopoietic compartment, in particular various dendritic cell (DC) subsets, rather than in tumor cells, by ALDEFLOUR staining. The measurement of RA signaling by imaging tumor-bearing bone marrow chimera mice confirmed a tumor-induced RA signaling in the hematopoietic compartment of the host. Specifically, we measured CD8 + T-cell responses to RA in situ, both by quantifying RA signaling-induced luciferase activity in endogenous CD8 + T cells and by imaging adoptively-transferred antigen-specific (OTI × RARE-Luc) CD8 + T cells. 
CD8
+ T-cell immunity. Such a conclusion is supported by the impaired immune surveillance in mice in which T cells were rendered unresponsive to RA by genetic manipulations.
To define the functional role of RA in T-cell immune surveillance, our studies were performed in transgenic mice in which RA signaling was conditionally blocked through the overexpression of a dominant negative RA receptor α (dnRARα), specifically in T cells. We reasoned that this would be the most effective method for blocking RA signaling and mimic VA deficiency in humans, as it constitutively suppresses the expression of all RA-responsive genes. To unequivocally define a role for RA signaling to CD8 + T cells in tumor immunosurveillance, all studies were done in CD4 + T cell-depleted mice. In this model, we found that RA signaling in CD8 + T cells is required for the priming of CD8 + T cells against tumor associated-antigens (TAAs). As such, RA signaling-deficient CD8 + T cells failed to accumulate and control the tumor growth. Such deficient accumulation of TAAspecific CD8 + T cells was observed in both tumor-draining lymph nodes (TDLNs) and primary tumor sites. Our findings were surprising because DCs (the producers of RA at the tumor site) have been regarded as tolerizing antigen-presenting cells (APCs), promoting tumor escape instead of surveillance. 3 Recent studies have shown that tumor-infiltrating DCs are indeed pro-inflammatory during the early phases of tumor growth in an inducible ovarian tumor model, supporting the notion that RA producers at least initially may promote antitumor immunity rather than tolerance. 4 Nevertheless, at late phases of tumor growth, immunosuppressive molecules such as transforming growth factor β (TGFβ) 5 and interleukin-10 (IL-10) 6 can be produced by tumor cells, immunosuppressive myeloid-derived suppressor cells (MDSCs) and immature/tolerizing DCs. In this scenario, RA may promote the development of regulatory T cells (Tregs) through synergy with other immunosuppressive molecules. Undoubtedly, more studies are required to address the question whether RA signaling is required for the differentiation, stability and function of Tregs in the tumor microenvironment.
Consistent with our findings, a defective accumulation/expansion of antigen-specific CD8 + T cells has also been observed in a robust anti-CD40 antibody and Toll-like receptor (TLR) agonist vaccination-driven CD8 + T-cell response. Unexpectedly, real-time tracking of endogenous antigenspecific CD8 + T cells in vivo revealed defective survival but not proliferation of RA signaling-deficient CD8 + T cell precursors per se. Our unpublished results also suggest that defective memory CD8 + T-cell responses develop in the absence of RA signaling, probably reflecting a combinatorial the morphogenic role of retinoic acid (rA) in regulating immunity is underscored by our recent studies that show increased regional concentrations of rA and commensurate rA signaling in CD8 + t cells within the tumor microenvironment. this study demonstrated for the first time that intrinsic rA signaling is required for tumor associated antigen (tAA)-specific CD8 + t-cell survival and hence for tumor surveillance.
In summary, our study demonstrates that RA plays an important morphogenic role within the tumor microenvironment. However, many questions regarding the regulation of antitumor immunity by RA remain to be addressed. For instance, it is still unresolved what tumor-derived factors induce the regional production of RA within the tumor microenvironment. In addition, a possible role for RA deficiency in primary expansion and memory differentiation. These findings suggest that cell-intrinsic RA signaling is required for the development of both primary and memory CD8 + T-cell responses, indicating the potential application of RA as an adjuvant for cancer vaccines to boost systemic antitumor immunity beyond the gut-tropic effect, as demonstrated in another recent study.
in controlling CD4
+ T-cell polarity and function needs to be carefully investigated. Finally, whether the RA pathway can be targeted to improve antitumor T-cell immunity will have to be carefully evaluated (Fig. 1) .
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